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Chapter 1 Introduction to bridge management systems
1.1 Introduction
During the past decades, many bridges were designed and built with little or no
thought given to their durability. Bridge maintenance inspections in 1995 revealed that
among the 576460 highway bridges in the US, 242000 bridges, about 42%of all the
bridges, need repair or replacement. The average interstate bridge is now over 20 years
old, and all others average more than 35 years of age. Most bridges built before the 1950s
are now carrying loads that far exceed their original design. What makes things worse is
the dramatic increase in volume and intensity during the past decades. The national
bridge inspection program has uncovered inadequate and dangerous bridges in every part
of the country. The task of dealing with hundreds and even thousands of bridges at once
is one that has gained increased importance in the past decades. Individual bridges and
networks of bridges need to be managed to ensure that they are regularly inspected and
assessed and that appropriate maintenance is carried out to achieve a required standard of
condition throughout their design life. The growth of the bridge stock and the availability
of computers have led to the development of bridge management systems (BMS) for
managing the maintenance of bridges.
In the past, bridges were selected for construction, replacement, or rehabilitation on
the basis of engineering judgment, intuition, political pressure and other subjective
criteria. This approach not only distorted priority selection of projects, but created
disorder in program planning.
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The fast-growing number of structures which have fundamental and costly
maintenance problems has generated the push to upgrade the knowledge about
maintenance and to improve the decision process for managing maintenance.
Bridge management is a term covering all the actions that needed to be carried out to
ensure that the bridge remains fit for its purpose throughout its design life without the
need of excessive maintenance. The aim of management is to maintain the overall
reliability of the bridge stock at a satisfactory level and to do so with the optimum use of
available resources. Generally, management has been considered to begin after a bridge
has been built. However, much can go wrong as a result of decisions during the design
stage. Hence, it is important that bridge management is brought into consideration at the
very beginning of a bridge's design stage.
1.2 Bridge Management Concepts
Design stage
Thousands of bridges have been built successfully in the past, and errors in concept
are rare if the designer follows standard procedures. In the United States, designers are
generally concerned with safety and serviceability but usually not with all aspects of
durability. Until a few years ago, if steel bridges are painted regularly and the concrete is
of high quality, then it was felt that there was no need for any further maintenance to
modern bridges. However, recent experience has shown that the view to be incorrect and
that durability and future maintenance should be addressed at the design stage.
Considerations include:
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1. Design details that give rise to structural and durability problems.
2. Design details that cause difficulties for inspection.
3. Provisions of access for inspection.
4. Use of appropriate materials-whole life cost versus initial cost.
5. Design for maintenance.
It is now accepted that many parts of the bridges from bearings, expansion joints,
surfacing, etc., to hangers, cable stays and external prestressing tendons all have to be
replaced. Some of these replacements are more than once during the design lifetime of
the bridge. Account should be taken at the design stage so that replacements can be
carried out with ease and with minimum intervention to traffic.
Construction stage
The concept of quality assurance (QA) was introduced to the construction industry.
The extent of quality control depends on the content of the contract. In a traditional
contract, aspects of durability which are not specified in codes can be included in latter
discussions between the client and the engineer. However, in cases where the design is
competitive, all aspects affecting durability have to be clearly specified in the design
brief.
Whatever types of contract, every structure will need to be maintained from the time
it is brought into service. In reality, the people who are responsible for the maintenance
are different from those who carry out the design. Therefore, the maintaining parties need
to have a full set of the drawings and maintenance schedules that indicate the frequency
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of inspection and maintenance for each part of the structure. The maintenance plans
should also highlight areas where something has gone wrong during construction and
which need special monitoring.
In-service stage
Once a bridge is completed, it starts to be exposed under the impaction of both traffic
and the environment. Bridge management has to be a systematic consideration of all the
problems to ensure best value on the money spent. The first requirement is information to
be built in a bridge inventory. Since the information about bridges are of various items,
the aim of a bridge inventory should be to plan all the information which is required for
use and store only that could be useful in the future. The next requirement is to know the
state of the bridges at any time and this can only be achieved by bridge inspection.
Currently, most countries have adapted a strategy of inspection based on a hierarchy
as follows:
1. Visual inspection without special equipments should be conducted in a interval
not more than two years.
2. Detailed inspections that are a detailed examination of all exposed parts of the
structure not more than six-year intervals.
3. Special inspections are close inspections of special parts of the structure that are
recommended by the findings of other inspections or after special events such as
passage of abnormal loads, floods, or heavy wind.
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1.3 Maintenance management systems
There are several routine maintenance operations, such as cleaning of drainage
channels, washing down bearing seats, etc., should be carried out in all bridges. For other
maintenance work such as repair of deteriorating concrete, cost analysis has to be carried
out to determine the best treatment.
In order to compare the merits of different maintenance options, it is necessary to
know the maintenance profile and the whole life cost for each option. The whole life cost
should be costs of maintenance plus the cost of delays and additional operating costs plus
the costs of traffic delays and possible accidents, all discounted to present values. Also,
the benefits should be taken as the disbenefits that would happen if the particular item of
maintenance was not done, again in the present values.
1.4 FHWA philosophy of bridge management
The FHWA envisioned bridge management systems as an important step necessary to
deal with growing bridge needs. According to the same point of view, a comprehensive
bridge management system is an integrated set of formal procedures for directing or
controlling all activities related to bridges. In addition, a BMS gives the tradeoffs and
implications of present actions and policies on long term needs.
A bridge management philosophy should provide reliable short and long-term
predictive capabilities. It should also yield the most out of both the correctively strategies
used and the timing and dollar expenditures for maintenance, repair, rehabilitation, or
replacement of bridges, while ensuring public safety and convenience as primary goals.
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A typical BMS must incorporate:
1. A set of data that describes the physical and operating condition of the bridge at
any given time.
2. Criteria for developing a range of options of feasible improvements considering
the bridge geometry, location, type, traffic volume, functional class, and so on.
3. A procedure for predicting changes in the bridge condition caused by future
deterioration and improvement work.
4. A procedure for estimating the cost of feasible improvement actions, including the
associated user costs.
5. Analytical models for determining systematic needs based on minimum total cost
or on maximum benefit.
6. A procedure for expressing needs in terms of the required work and projected
cost.
(FHWA, 1989)
The PONTIS BMS system
A number of BMS's are now being developed in various countries, the most
advanced of these being the PONTIS system in the US. A brief description of the main
features of the system is presented below.
PONTIS is comprised of three main modules- recommendations, optimization and
improvement, which have the following features:
1. Each bridge is divided into a series of elements, the system being capable of
considering 160 different types of elements. A typical bridge would consist of no
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more than 10 element types from the possible 160. For each element type the
system requires a definition from 9 different condition states. In order to reduce
the computational complexity of the problem when considering all possible
bridges, PONTIS takes an entire statistical approach. It considers the elements as
part of a family of elements derived from the individual bridge when considering
the network.
2. This approach allows the recommendation module to estimate the probability that
a particular element type will deteriorate to a worse condition during the
evaluation period. The cost implications of this in terms of necessary maintenance
treatments are established and the costs and benefits of necessary maintenance
treatments are established and the costs and benefits of carrying out maintenance
work are determined.
3. The optimization module takes the element by element projections and sums them
into work needed on each bridge of the network, providing costs and benefits for
each maintenance project. The benefits estimated are these which result from
deferral of maintenance.
4. The improvements module is designed to consider the ability of the bridge to
carry traffic and provides costs and benefits associated with either strengthening
or widening, if the procedures are deemed necessary. Improvements are then
considered with the maintenance schemes defined by other modules and ranked
on a cost benefit basis.
5. PONTIS has been designed only for bridges, and other highway structures cannot
be considered by the system.
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On the basis of the available information above, it seems that there are also limitations of
the PONTIS system:
1. It covers only the routine maintenance and deterioration part of the highway
bridge management activities.
2. The influence of the defects on the reliability of the bridge is ignored. The
assessment of load carrying capacity is not involved. The bridge elements are
considered totally independent from the bridge.
3. It is assumed that inspection will identify all defects. This is not always possible
since some defects may hide below the road surface and not accessible for
inspection.
4. It is assumed that repair can bring bridges back to the as new condition. This is
not true in most cases. No repairs can bring the permanent stresses back to the
repaired part fully. Therefore, no matter what maintenance activities are carried
out, bridges in general will have a gradual reduction of reliability throughout their
service life.
5. It is assumed that regarding repairs, there are only two available options- to carry
out or not to carry out the repairs. However, nowadays commercial products of a
range of durability are available. The new techniques such as plate-bonding
means that the extent of strengthening can also be chosen.
6. When considering maintenance options, the cost of traffic delays becomes a major
factor. PONTIS doesn't include traffic delay cost at present.
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7. PONTIS is intended to be a self-contained system. It contains methods necessary
for the prediction of element deterioration. Hence updating of the relevant
methods is very important.
1.5 Conclusion
The current world trend has switched the minds of governments from new bridge
projects requiring large capital investment to the management of their existing bridges.
Separation of the bridge design and the bridge maintenance, with different firms being
responsible for each phase, has the disadvantage of lack of feedback to the designer of the
maintenance and of a lack of maintenance considerations during the construction on site
phase. It is now accepted that design is only a small part of the overall requirement.
Bridge management is in effect the work necessary to ensure a rational study of a bridge
from conception to the end of its useful life. Well management of bridges will not only
save vast amount of expenditure on repairs, but also save lives.
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Chapter 2: The Charles River Crossing Project
2.1 Introduction
The Central Artery/Tunnel Project consists of the reconstruction of 1-93 through
downtown Boston by depressing the highway to an 8 to 10 lane tunnel and the
construction of an extension of 1-90 to Logan Airport. All the work must be completed
while maintaining the existing current traffic, minimizing the impact of construction. The
development and design of the Charles River Crossing Bridge requires the designers not
only to meet technical challenges but social and political issues as well. The design team
in the Department of Civil and Environmental Engineering at MIT wanted to use high
performance ideas as primary importance. At the same time, total cost of the bridge,
which consists of initial capital investment and future maintenance cost is another
important factor.
2.2 Background
The existing 1-93 highway is typically about 20' above the ground, but at its northern
limit with the city proper, it rises and separates to a double deck truss bridges, which
carries traffic across the Charles River to the currently elevated 1-93 structure on the
north side of the river, at the city line of Cambridge and Charlestown. For this design
problem, the client requested a crossing across that will replace the existing truss bridges.
The highway on the south side rises out of a tunnel at the approach to the. On the north
15
side, the bridge meets new viaducts, which carries the traffic above the ground to
reconnect with the existing structure further north in Charlestown.
2.3 Design Criteria
For completeness, the design criteria, structural design, substructure design, maintenance
of the project are briefly discussed. There are seven main categories that had to be taken
into consideration when designing the crossing. The seven criteria are traffic,
constructability, aesthetics, maintenance, HPS, environmental, and structural design
process.
2.4 Structural Design
The final design is a cable-stayed bridge with a tower in the southern side of Charles
River. The aesthetic value of the final design is its simplicity. It is a cable-stayed bridge
with a single A shaped tower leaning at a angle of 69 degree. The cables are placed in a
semi-fan shape with cables protruding from the tower to the outer edges of the deck. A
single tower also has the advantage of expressing the structure more elegantly. Although
the bridge is eight lanes wide, 144 ft, it still appears well proportioned. This benefit was
also achieved by using one tower that is tall and robust. This can be seen in the following
figures.
16
r0
-
-
-
I
m elf
Fig 2.3: Plan View (SD)
Deck design
The deck/cross section of the cable-stayed bridge is a composite system of concrete
and steel. The deck is an 8-in, steel-free concrete slab. The steel-free concrete bridge
deck allows for the removal of all reinforcing steel and thereby removes the source of
corrosion. The key to the system is to provide adequate transverse lateral restraint such
that sufficient compressive membrane forces could be developed. The steel-free concrete
increases the durability and, at the same time, the operation and maintenance cost is
substantially reduced. The front-span of the bridge has a concrete top slab with steel
structural members. The back span has a concrete slab with concrete structural members.
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Fig 2.4: Deck Cross-section View (SD)
STEEL STRAP
Figure 2.5: Steel-Free Concrete Deck Isometric (SD)
Expansion joint
The bridge will have only two expansion joints. One for the north and the other for
the south end of the bridge. Modular bridge expansion joints are used to provide
watertight wheel load transfer across joint openings.
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Center Beam to Support Bar Welded Connection Elastomeric Strip Seal Gland (Typ.)(Multiple Support Bar System Shown)
r- Center Beam (Typ.)
Elastomeric Box-Type Seal (Typ.) F
Compression Spring with Bonde
Edge Beam (Typ.) PTFE Surface
Block Out Limits (Typ.) ~Stainless Steel Sliding Surface
Welded Steel Studs
for Anchorage (Typ.) A
Support Box (Typ.)
Support Bar (3 Total - Center One Shown)
Support Bearing with PTFE Surface
Control Springs between Adjacent Support Bars
End Control Spring
Figure 2.6: Modular Bridge Expansion Joint (MBEJ)
Tower design
The tower of the cable-stayed bridge is an inverted leaning-Y design. The function of
the tower is to sustain cable forces and to transfer the forces to the foundation. There are
two reasons for the adoption of a leaning tower: first, a inclined tower shows more
aesthetically appearing, second, an inclined tower produces a resisting moment to help
offset the overturning moment due to the front span. Below are dimension draws of the
tower.
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Fig 2.7: Tower Dimensions (SD)
Cable design
Based on economical considerations, stranded cables will be used for the cable-stays
for the project. Strands are relatively cheap because they are mass-produced. The strands
we use consist of seven twisted wires that have an external diameter between 12.7 mm to
17.7 mm. For this project, cement grout will not be used to reduce corrosion of the
strands. Oil will fill the space in stead of cement. There are two benefits for the use of oil
over cement: first, oil gives good protection of the strands, second, it allows for
replacement and monitoring of individual strands. You don't have to replace whole cable
and affect traffic flow severely while doing the maintenance work. Below is a cross-
section of a typical strand cable with outer protection.
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Figure 2.8: Cable Numbering Scheme (SD)
2.5 Substructure Design
General
Based on in-site investigations, the upper soil encountered at the site is not suitable to
support the anticipated magnitude of loads. Therefore, it is recommended that elevated
structures be supported on deep foundations resisted by end bearing in the glacial soil or
rock and skin friction in all the soil and rock units.
Selection of foundation types
Drilled shafts and steel piles driven closed end are considered the most appropriate
deep foundation types. Drilled shafts have high potential large axial and lateral load
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capacities. The major disadvantages of drilled shafts are construction quality assurance is
more critical to drilled shafts than driven piles and the drilling equipment required for
installation of drilled shafts requires a significant amount of space.
Steel pipe piles driven closed end can also have high axial and lateral capacities.
However, there is a major disadvantage of the piles is that vibration due to driving may
be detrimental to nearby existing buildings. Since the MBTA has a tunnel located near
the foundation, the designing has decided to use the drilled shafts.
2.6 Maintenance
The bridge is planned to be inspected every two years. The cables will have a
monitoring system which consists of laser vibrometer to monitor structural conditions of
the cable-stays. It consists of a non-contact measurement device that relates frequency
with forces in the stays, to obtain data about aging, reliability, and maintenance. It
measures the cables under excitation, or prevailing wind conditions. Because the need for
contact measurement is limited, the inspection group can station on the deck of the
bridge. In addition to safety, the vibrometer allows the evaluators to target more than one
cable from a single setup location.
The deck structure will corporate a huge maintenance carrier. This carrier will be
similar to the figure below. The carrier will run length of the span and will supported by
rails on the two exterior box girders. The carrier will greatly facilitate inspection, repairs
and painting of the bridge.
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Figure 2.9: Maintenance Carrier
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Chapter 3 Bridge Maintenance
3.1 Introduction to maintenance
Maintenance may be defined as measurements to guarantee the continuous
performance of a structure at its capacity level. For bridges, maintenance can be defined
as ensuring the safe, unrestrained passage of people, and vehicles as specified in the
construction. The work is a combination of planned maintenance, refurbishment,
inspection, replacement and the repair of accidental damage. In another point of view,
maintenance work could be regarded as the action taken to prolong the useful life of a
bridge at a minimum cost with least interference to its operational function. In general,
bridge maintenance should contain the following basic topics:
1. Initial determination of their actual condition.
2. Judgments of structures in terms of safety.
3. Prediction of their future behavior resulting from aging.
4. Definition of specific maintenance strategies.
5. Allocation of limit budget to specific items.
6. Execution of these strategies with adequate men and means.
7. Back coupling with maintenance strategies and design.
The fundamental requirement of the management of the maintenance is relevant data.
The data is largely obtained from constant inspections, and the reliability of the data
gathered will affect the effectiveness of the management system.
An effective maintenance operation for bridges must be closely related with the
inspection of the bridge. It is important that deficiencies be corrected rapidly.
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Subjects to be investigated for improving the management system for the bridge
structures can be summarized as follows:
1. Effective use of maintenance budget: According to a Japanese survey, the
maintenance cost and the number of structures to be maintained increase year by
year although the construction cost decreases at the same time. It is very
important to effectively use limited maintenance resources by a rational bridge
management system.
2. Purpose and definition of maintenance
3. Ranking of damages for inspection and repair: The ranking for the inspection
should be simple and should be changed for repair or strengthing by considering
the importance of members, the effect of damage on limit states, and the influence
of failure in a member on the whole structure.
3.2 Cable-Stay System
Cable-stayed bridges, as implied by their name, are cable-suspended structures with a
distinctive arrangement of cables, though their superstructures and substructures may still
be similar to the traditional types of bridges. Hence, the inspection and maintenance
procedures outlined here include items that are unique to cable-stayed bridges, and also
procedures for common prestressed concrete and substructures.
The suspension system of a cable-stayed bridge is composed of two elements, the
pylons and the cable system. The pylons in a modern cable-stayed bridge are usually
made of concrete although steel towers are also used successfully in some cases. The
lower cost is the main reason to adapt a concrete pylon. The cable system in the cable-
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stayed bridge could be in two types: cable systems continuous over the pylons and the
cable systems anchored at the pylons. The pylons are essentially inspected like any other
steel or concrete elements. The pylons have never been a major maintenance concern. On
the other hand, the cables are the main item in the maintenance of cable-stayed bridges.
For maintenance, the type of cable is most important in dealing with corrosion protection
and cable anchorage.
In most cable-stayed structures worldwide, the cables used are made up of a bundle of
strands laid parallel, each strand composed of some wires twisted together. It is essential
that the cables be protected from corrosion. According to the Federal Highway
Administration (FHWA), the only recommended option to protect the cable from
corrosion is using polythylene pipe to enclose epoxy-coated cables. A cable-stayed
bridge, the larger the cable force tends to be, the fewer the anchorages. The anchorages
connect the tower and the cable suspension system, therefore, maintenance of the
anchorages are in prior order in a cable-stayed bridge.
Inspection Procedures
The designers of a cable-stayed bridge should prepare a manual providing
information about the basic demands on the components used in the bridge, the
construction of the bridge, and suggestions about the inspection procedures of the bridge.
Whether or not the manual is available, the major inspection objects should include the
following items.
1. Cable enclosure: A careful examination of the main suspension cables is
necessary to ensure that their protective covering is in good condition. Cracking
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and unsoundness are the main problems of the cable enclosure. It should be
inspected periodically. If the enclosures are cracked, the cables may suffer from
corrode because of the reaction of water. If the cracking is local, the cracking
could be amended with fiberglass tape to restore the protective function. If the
damage is extensive, new pipes should be placed outside the damaged pipe. The
replacement should have longitudinal seams and may include a second layer of
cementitious grout if needed. The details should be designed to address all other
concerns affecting the whole structure to make sure the best effects could be
achieved.
2. Damping system: Damping system should be inspected to ensure that they are
performing as the original design required. The operation and adjustment of the
damping system should be executed according to the suggestions by the
manufacturer and should be part of the maintenance procedures of the structure. If
the external stay dampers in the form of shock sorbers are used, leakage should be
noted. The bushings should be checked to make sure that they are solid and not
deformed. Even the whole damping system may need to be replaced if the
dampers are serious deformed.
3. Cable anchorages: the anchorages should be inspected to the following items:
a. Water tightness of the neoprene boots at the end of the guide pipes.
b. Drainage between guide and transition pipes. This area is frequently
accumulated of water and should be checked for a constant interval of time.
c. Corrosion protection of the anchor system. The soundness of the paint of the
exposed metal surfaces should be inspected. The threads of anchor heads, ring
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nuts, etc. which are protected with grease or other lubricants should be
checked to ensure continuous lubrication.
4. Cables: To accurately determine the load-carry-capacity of the main cables of the
cable-stayed bridge, nondestructive testing is required. First the alignment should
be inspected. During the erection process, broken wires or permanent distortion
may occur due to improper construction procedures. Then the strength of the stay
should be kept under the designed value.
Maintenance and rehabilitation
Although the most distinguish element in a cable-stayed bridge is the suspension
cable system, it's still very common for a cable-stay bridge to use prestressed concrete as
the pylon and the deck system. The substructure system of a cable-stayed bridge is often
the same as other types of bridges.
Cables: If the steel cables are wrapped inside a grout pipe, no maintenance is
possible. Maintaining of the protection means maintain the cable inside. Periodic
maintenance of a cable-stayed bridge includes repainting of cable enclosures or
rewrapping of polythylene cable enclosures. Painting of metal enclosures is about every
15 to 20 years but the time varies depending on the environmental and site conditions.
Repairing should be compatible to the original paint system. The wrapping tape should be
rewrapped every 5 to 7 years.
Anchorage Protection: the waterproofing system at the connection is crucial to the
cable and any defect in this part should be repaired immediately. Again, the recoating
should conform to the original coating of the system.
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Damping system: The maintenance of the damping system should base on the
manual of the manufacturer.
Cable-stayed force adjustments: Maintenance should include the measurement of
the forces distributed on the cables to ensure no single cable is experiencing abnormal
excess force. If the long-term behavior of the bridge is differs from that assumed in the
design, cable-stay force adjustments may be required. Any readjustment of stay forces
should be performed by experienced technicians based on the original design.
Vibration adjustment: Vibration should be measured at constant time intervals and
should be compared to the operational manual. Excessive vibration of the cable could
result in damage to the whole bridge. The main forces inducing vibration are the wind
forces and water dropping on the cables. If vibrations are excessive, adjustments to the
damping system should be made. Solution to the problem is correction on the damping
system. Again, corrective measurements should be performed by professionals.
Cable protection: Cable protection protects the cable not only from moisture but also
temperature variations, ultraviolet attack, and environmental corrosions. Protection has
the tendency to put more importance on the grout or oil surrounding the stays. They are
crucial in extending the life expectancy of the cables.
Retensioning of cables: The retensioning procedure for cable-stayed should be
incorporated to the original design. Actually, retensioning of the cables should be
required as a design requirement. Variations during construction, differences between
expected and actual material properties all require reexamine of the tension of the cable
stays and retensioning is often needed. Retensioning should be executed only under
experienced engineers and under a proper designed maintenance program.
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Cable replacement: In modern cable-stayed bridge designs, complete cable
replacement under traffic is required in the design stage. The cable replacement is a
major rehabilitation work of the bridge should also be investigated as part of the
rehabilitation program.
3.3 Substructures
Bridge superstructures transmit their weight, live loads, and other forces to the
substructures through bearings. The substructure elements are subject to very large
vertical and horizontal forces that constantly change in direction and magnitude.
Inspection Procedures
1. Abutments: Footings should be checked for the potential of scour or
undercutting. The inspection should normally be done at the season of the lowest
water level. Scour or undercutting of a pier on piles can be quite serious, and
hence exposed piles should be properly inspected. Exposed concrete should be
examined for the presence and severity of cracks and visual signs of deterioration.
Tops of piers and abutments are particularly vulnerable to deicing chemical
attack. Steel partially encased in substructure concrete should be inspected at
exposed faces for deterioration and movement. If any movement or settlement is
suspected, piers and abutments should be observed and compared with previous
records.
2. Piles: Steel and concrete piles in the splash zone and below the water surface
should be checked for corrosion and deterioration. All submerged piles should be
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checked for deterioration and section loss, with special attention to exposed piles.
Corrosion of exposed steel piles can be more severe at the terminus of concrete
encasement, at the waterline and at the middle. Bent caps may deflect excessively
under heavy loads, whereas eccentric loads may result in movements.
3. Bearings: Bearings transmit various vertical and horizontal forces from the
superstructure to the substructure. Any small changes in superstructure or
substructure members are amplified at the bearings. Bearings should be
reexamined after unusual events such as traffic damage, earthquake, or battering
from flood debris. The inspection should focus on the physical condition of
bearing pads, including any abnormal flattering, bulging, or splitting that may
result in uneven distribution of loads. The concrete at bearing seats should be
checked for cracks and spalls.
Maintenance and rehabilitation
Like any other components of a bridge system, substructures are susceptible to
deterioration. Several main problems and the way to rehabilitation are discussed below.
Foundation settlement. Settlements, whether even or uneven, will cause serious
damage to the bridge system. Uneven settlements usually lead to cracking of the
substructure. Uniform settlement may leave the unit intact and result in a change of
bridge elevations or a tilt of the substructure elements. Tilting of the substructure often
contributes to either closure or opening of the deck joints over the tilted substructure,
making joint replacement necessary. Before any tilted bearing is reset or deck joint is
reconstructed, it is important to determine whether the observed tilt is the result of the
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movements of the substructure unit on which the bearing is located or the movements of
adjacent substructure units.
Scour: Before repairing of an undermined foundation, it is important to understand what
factors contribute to the scour and also what impact the corrective measure would have
on the remaining parts of the river. Sometimes, repairing structures of a pier may induce
undermining of other piers with no prior scour history. Protective materials to be placed
around a scoured foundation must be sufficient stable to resist the hydraulic forces
causing the scouring in the first place. The most commonly used repair methods include
dump riprap (Fig 3.1), hand-laid riprap bagged concrete and cofferdams.
Fig 3.1 riprap method'
Pile repair: Although prestressed concrete piles show better resistance to the chemical
because of their dense, high-quality concrete cast under controlled conditions and the fact
that the concrete is under compression. They are not immune to deterioration. A jackets
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built over the deteriorated area is the most common method adapted while pile
deteriorated (Fig 3.2).
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Fig 3.2 A jacket built over deteriorated pile area2
3.4 Prestressed Concrete
The use of prestressed concrete in highway bridge construction increased
dramatically in recent 50 years. In 1985, over 60,000 highway bridges made use of
prestressed concrete elements in the United States. Prestressed concrete offers many
advantages as a material for bridge construction such as better durability. Like steel, or
any other material for that matter, prestressed concrete requires a thorough and attentive
Adapted from Louis G. Silano, Bridge Inspection and Rehabilitation(John Willey &Sons, 1993)
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maintenance program to ensure that the structure serves its function at a high level of
performance. What makes maintenance of prestressed structures different from steel
bridges is the difficulty in inspecting the hidden elements. This difficulty also leads to
problems with rehabilitation.
Inspection procedures
With regard to prestressed concrete structures, there are key issues that need to be
addressed. Basic features or conditions which should be identified by the inspector can be
defined as: cracking, wet spots, spalling, excessive deflection, presence of efflorescence,
scaling and settlement or uplift of the structure. Of particular concern is the condition of
the prestressing tendons.
One of the drawbacks to prestressed structures is that it is difficult to adequately
inspect the prestressing steel using visual methods alone. One method is to drill holes in
the member and visibly inspect the steel. The location of the holes is based on signs of
deterioration such as: rust stains, wet spots, and tests indicating high chloride content.
However, the drilling itself could damage the member and accelerate deterioration.
Advanced methods based on nondestructive evaluation, such as ultrasonic, electrical, and
radiographic techniques can be used to indicate possible delaminations in the concrete or
corrosion to the prestressing steel.
In general, the inspection of a prestressed concrete structure should focus on the most
sensitive areas of the bridge. Anchorage zones and beam ends should then be constantly
inspected. These areas are particularly susceptible to joint leakage and the intrusion of
water at the anchorage will carry moisture to the tendon through capillary action,
2 Adapted from Louis G. Silano, Bridge Inspection and Rehabilitation(John Willey &Sons, 1993)
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accelerating deterioration. In addition to moisture, anchorage zones are also susceptible
to cracking due to high stress at this location.
Deterioration of prestressed concrete
Provided below is an outline of some of the major forms of deterioration prestressed
concrete members are subject to:
1. Cracking. Like conventional reinforced concrete, prestressed concrete is
susceptible to cracking. Main causes of cracking are the reaction of chlorides and
other harmful agents which are typical of cold weather or marine environments.
Other causes of cracking include inadequate moment and shear capacity, poor
construction techniques, use of under strength materials, thermal forces, poor
tolerance requirements for locating strands, and incorrect allowance for stress
from tendon curvature. Tests show that prestressing strands in cracked prestressed
concrete members have a lower fatigue life than bare strands. Because of the
naturally phenomena of shrinkage and creep, it is impossible to completely
eliminate all cracking. However, it could be limited by avoiding some improper
design habits. For example, flexural cracks indicate improper estimation for
stresses due to tension at the extreme fiber of the resisting beam cross section.
2. Deterioration of prestressing steel. Prestressing steel is subjected to the cathodic
action that the same with traditional reinforcing steel. The principal physical
difference between deterioration of conventional and prestressing steel is that the
latter is subject to higher stresses and is therefore more susceptible to corrosion
than the comparatively lightly stressed reinforcing steel. More important is that
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the consequence of an excessively deteriorated prestressing tendon is much
greater than that for a conventional reinforcing bar.
Corrosion to prestressed steel components can be accelerated through the
existence of cracks. The presence of cracks provides an excellent vehicle for
water, chlorides, and other harmful agents to penetrate the surface of the concrete
and reach the underlying steel.
3. Another source of deterioration is the deck joint leakage. This is of particular
concern as the end anchorage can be affected. If water penetrates to the end
anchorage location, it will generally travel through the entire length of the tendon
and damage both the prestressing steel and the surrounding concrete. This will in
turn lead to unbonding, which will greatly accelerate the deterioration process.
Rehabilitation of prestressed concrete
If an inspection indicates that remedial measures need to be taken, there are several
basic steps that can be taken to both protect and repair a prestressed concrete structure.
One basic step is to repair and replace the deficient joints. Indeed, such measures should
be executed consistently by a maintenance group as a form of preventive maintenance.
Methods for rehabilitating prestressed concrete structures vary depending on the problem.
Deterioration related repairs might have the possibility that only changing a new member
may solve the problem. For example, the intrusion of chlorides can spread through a
member over a period of time. There is risk that the rehabilitate measures may only slow
but not arrest deterioration. A preliminary assessment of damage should include a brief
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analysis of the approximate strength of the member and then a complete capacity analysis
should follow to articulate stress levels in the damage section.
The existing prestress force in exposed strands is a critical factor in damage
assessment. Discussed below are some basic methods to repair damage to prestressed
concrete members.
1. Patching. For small, localize areas of deterioration, patching offers a quick low
cost remedial measure. It is important to note that the size of the patch for
prestressed elements could adversely influence the strength of the member.
Therefore, any patching should also be accompanied by a structural analysis to
determine the impact that the repair work will have on the performance of the
element.
If the patch is located in an area that is normally in compression, the member
should be preloaded to simulate the effects of live load on the structure. These
loads should be maintained until the patch has attained its specific strength. If this
is not done, crack will develop because the patch material is generally of a higher
strength than the existing base concrete.
A deficiency with patching is that the patching may accelerate deterioration if
the member has suffered from corrosion damage due to chloride intrusion. By
patching material of different chloride-oxygen content to a chloride-contaminated
area, the corrosive effect will cause stronger corrosion cells. Solution to this
problem is to use a dielectric material for patching. Because it is hard to ascertain
the future performance of a prestressed concrete after patching has been
performed, it is different to perform patching process to prestressed concrete to
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conventional concrete. No matter how the element is repaired, it is important to
monitor the level of performance of the repair.
2. Crack injection. When a element is subjected to an overload condition which
induces cracking, the injection of epoxy resin is often a suitable repair method.
Since overloading is a one-time occurrence, the likelihood that the crack will
reappear is small. On the other hand, if the crack is subjected to constant loads,
then the crack injection is not recommended since the crack is likely to reappear.
3. Permanent formwork. If the prestressed concrete member has suffered from
accidental damage which caused the exposure of the prestressing steel, permanent
formwork is often used. Fig3.3 shows a metal sleeve splice which is used to repair
such damage. Sometimes jacketing of the damaged area with concrete is used. In
essential, both of these repairs are similar to patch.
L ~AL
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Fig 3.3 Metal sleeve splice used to repair damaged prestressed concrete girders3
4. Sealers. Concrete sealers are used to protect the underlying concrete from being
intruded by moisture. In this sense, sealers are more suitable as a method of
prevention rather than rehabilitation. Sometimes sealers are used in areas that are
already corroded in an attempt to slow deterioration. In practice, all repaired areas
no matter what kind of rehabilitation method is used, should be sealed with a
proven water sealant.
5. Strengthening. At times it may be necessary to improve the strength of a
prestressed concrete member. Methods include bonded external reinforcement,
tendon replacement and external posttensioning. An example of external
posttensioning is shown in Fig 3.4.
Fig 3.4 Posttensioned spice for a damaged prestressed concrete girder4
3 Adapted from Tonias, Bridge Engineering(McGraw Hill, 1994)
4 Adapted from Tonias, Bridge Engineering(McGraw Hill, 1994)
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Chapter 4 Design for Better Maintenance
4.1 Influence of maintenance on the design of highway structures
Bridges are the most important and probably one of the most expensive components of a
road system. Therefore, bridges should be kept fully serviceable for their operational
lives. Maintenance should be required only occasionally, and should be cheap and easy to
carry out. It is only through a tight integration of design-maintenance-rehabilitation
approach that engineers can improve the performance of highway bridges. In this part, we
want to discuss how design considerations could help a bridge serviceable at a minimum
cost throughout its operational life.
4.2 Low-maintenance design
Maintenance procedures have significant implications for the design of new work,
design being considered in its widest sense, incorporating feasibility, technical
assessment and detailing.
To design a low maintenance bridge, the designs must be realistic and pragmatic. The
first step is to recognize that the purpose of a bridge is to support a roadway. To keep the
traffic pass over the bridge smoothly, irregularities should be avoided.
The second step is to understand that passing traffic will certainly make some strike
or damage to the bridge especially the parts that have directly contact with the traffic.
Hence, all such parts should be designed to be inspected and replaced easily and rapidly.
A fact is that even the best design, defects still may occur in an unexpected situation. This
means every part of the bridge should be designed for rapidly inspection and reparation.
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The best way to ensure rapid defect identification and reparation is to provide easy access
to every part of the bridge for future maintenance workers. Although bridges often have
the design for long life expectancy, not every element in bridges has such long service
life and accesses to these components are especially important so that they could be
replaced or repaired rapidly.
Besides providing access to bearing devices and hinges for replacement purposes,
there should be sufficient room to intercept the load and beam reactions and transfer them
to temporary supports, such as jacks, to expedite the repair work. Provisions also should
be made for a reasonable working area, usually an integral part of the bridge.
Finally, increasing design sophistication may increase the long-term cost of the
bridge. Recently, computer-aided design has increased the convenience for designers and
more economical use of materials could be achieved theoretically. However, assumptions
in design process should be examined carefully. For there is often a situation that the
values assumed for design purpose are not correspond to the actual values in site. Serious
loss of strength exacerbated because the economical use of materials and excessive
deflections can ensue, leading to troublesome and expensive maintenance operations.
However, there are objections to low maintenance design. The first one is capital cost.
In most cases, low capital cost is the decisive factor in choosing the contractor, but low
cost is not a characteristic of low maintenance design.
The second problem comes from that the design lives of most components are less
than long life expectancy of the bridge and then provisions have to be made for their
cheap and easy replacement. In most optimistic cases, the time-dependent properties
should be studied to decide maintenance procedures afterwards.
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In the cases of practical design, engineers often found that maintenance and aesthetics
of structures are often contrary. However, it should be stressed that maintenance as well
aesthetics should be considered in the design stage of bridges.
The resources required for designing a low-maintenance bridge are often greater than
the resources needed for a design just compatible to the codes. An expensive bridge that
will cheap to maintenance and will last for a longer time must be shown in the long run
cheaper than a cheaper bridge in construction but cost a lot to maintenance and last a
much shorter time.
4.3 Practical design considerations
There are two main areas of interest: firstly, designs which prolong the life of the
bridge and prevent deterioration, and secondly, design features which make routine
inspections and routine maintenance, such as replacing bridge bearings, simple and low
cost operations. Listed below are some practical design considerations for better
maintenance.
1. Elimination of roadway irregularities
As mentioned before, irregularities in bridges are important causes for traffic impacts.
Bridges should therefore be designed to minimize the occurrence of such irregularities,
which has two main causes, joints and changes of levels.
Most bridges need joints to allow them to flex, expand and contract. If the joint seal
does not fix to the bridge or the joints deteriorate easily and cause some discontinuities
along the roadway, joints will cause irregularities. As all the joints must be brought up to
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the surface as well as the joints often shorter life span than other parts of the bridge, the
best way to eliminate such joint-related problems is to have as few joints as possible.
Changes of level often occur in the point where approach meets bridge. A common
condition is that the approach settles to some extent as a result of traffic impact and
embankment consolidation but the bridge settles only a little. There are three ways to
minimize this kind of problem during the design stage.
Firstly, different compaction of the pavement will be prevented if the full depth of
paving is carried from the approach on to the bridge without reduction. The road base
should be carried over bridge with buried joints, and if a road has a two-course surfacing,
both courses should be continued over the bridge.
Secondly, approach embankments should be constructed in advance, to preload the
ground and the consolidation could be prevent after the pavement is constructed.
Thirdly, abutments and wingwalls should be designed so that compaction machinery
could operate effectively.
2. Design for parts accessible to traffic
The functions of joints, surfacing drainage, parapets, lighting and traffic aids are
merely assisting traffic to pass safely and smoothly. The service lives of such facilities
are generally less than the design service life of the bridge and their repair or replacement
will be carried out at short intervals. Although these elements don't mean much in the
structural point of view, they contribute substantially to the service a bridge provides to
the traffic passing through and should be designed based on the consideration of low-
maintenance cost.
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3. Joints
Bridge movements may be the result of volume changes or may be caused by the
application of force. Volume changes may be caused by temperature variations, loss of
prestress, and shrinkage. A typical bridge may be approximately 1 in longer per 100 ft of
length in the summer than in the winter. Forces, such as centrifugal and longitudinal
vehicle force, traction, earthquake, wind, earthpressure, and ice loads all cause
movements in the conjunction.
Although the movement is relatively small and slow, the forces may become very
large if the movement is restrained. When flexibility along does not provide the necessary
compatibility, the bridge must have to prepare some provisions for the relief of the
associate forces. AASHTO stipulates that thermal movement must be provided for at the
rate of 1.25 in/100 ft. Types of joints developed for this purpose vary from open joints,
simple planes or weakness, and elastic joints to sliding bar joints. Modular joints
represent the state-of-the-art approach to accommodating the complex movements in a
bridge (Fig4.1).
E'Roo-
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Fig 4.1 Modular joint'
Adapted from Louis G. Silano, Bridge Inspection and Rehabilitation(John Willey &Sons, 1993)
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Deterioration of expansion joints from continuous use must be accepted. The best
way to reduce maintenance problems from joints is to accept that joints are sure to cause
difficulties and use them as few as possible. Designing multi-span bridges as continuous
and reducing the number of joints. Where expansion joints are necessary, they should be
coordinated with the bearings and designed as one system. Attention should be given to
the geometry of the bridge to analyze the pattern and extent of movement, particularly for
skew and curved structures.
Where several expansion devices are installed, the intent of the design is to ensure
that each joint will take its share of the total movement. To evenly distribute the
movement, restrainer belts across joints could redistribute the movement to other joints.
A common problem of expansion joints is failure of the anchorage system, commonly
the result of high, localized repetitive stresses. The location of the connections and the
concrete adjacent to the anchorage system are therefore crucial. The joint should be
designed to carry traffic impact without appreciable defection.
The watertightness of expansion joints is another criterion. For a joint to be
watertight, the seal must be continuous across the entire roadway, curb, and sidewalk.
The rubber used for seal should not be affected by the wheel loads. It should also have
the ability to eject material stocked in the joint to prevent damage to the seal. In a
desirable condition for low-maintenance design, joints should have a life expectancy the
same as the roadway deck. Replacement of individual sections should be possible without
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having to move the support elements. Suggested guidelines for joints are summarized as
follows:
1. Seatings should be provided to support the joints where joints have to be used.
Joint seals could then base on solid concrete rather than on mortar that is likely to
break under traffic.
2. Ues more holding-down bolts than theoretically necessary to ensure that the joints
are firmly embedded in strong structural concrete.
3. Provide the minimum number of expansion joints possible, consistent with the
concept of integral bridges. Continuous bridges with integral abutments are the
most practical method.
4. Use oversized expansion joints to accommodate anticipated movements. The
movement should include creep and shrinkage effects. A conservative factor of
design is 1.25.
5. Detail a joint to limit deflection under traffic loads and prevent failure of the
anchorage system.
6. Enhance joint watertightness. With open joints, use deflector plates to protect the
bearings. Because joints are open to damage from debris and dirt, make
provisions for maintenance and cleaning.
7. If the joint design is the contractor's responsibility, introduce performance
specifications. Although cost may be increased, this would improve performance.
8. Provide relief joints at the bridge ends 30 to 50 ft away from the bridge ends to
reduce force from pavement growth.
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9. Include quality control of all materials, process, and fieldwork, and specify
appropriate nondestructive inspection and testing procedures.
10. Prepare instructions and specifications for the installation of the expansion joint
devices.
11. Finally, joint seal anchor bolts can be fixed with nuts tightened to tension the
anchor bolts to simplify the operation of replacing the joints when it has to be
replaced the day it wears out.
4.Surfacing
Surfacing is the part a bridge contact with the passing traffic directly. A continuous,
without change in thickness, and carried by a sub-grade of consistent strength surfacing is
best. Surfacing crossing a bridge has to pass from approach to the bridge deck with at
least two joints. It often wears at joints because of the joint seal is difficult to compact
with. The solution seems to cut a chase in the surfacing on either side of the joint after
laying and fill the chase with a suitable proprietary formulation. Another function of the
surfacing is to mask irregularities and form an uneven running surface. Hence a minimum
thickness has to be reached for proper surfacing. To save construction load and expense,
bridge often carry only the surfacing wearing course. A regulating course with a two-
course surfacing is needed if the bridge is to perform as well as the surfacing of the
approaches.
5.Drainage
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Designers have to do their best to make their designs a slim as possible. Maintenance
problems such as drainage blockages could be avoided effectively if large sumps,
rodding-eyes, manholes and large size pipes could be accommodated.
Where closed drainage systems are provided, mandatory access for cleaning and
flushing is essential. Drainage systems having long runs with attendant bends and elbows
can become blocked by solid materials carried in the runoff. The time and frequency of
maintenance is exorbitant, suggesting that unless accessibility is part of the design, the
system may become inoperable. Inlet catch basins and pipe systems are continuously
improved, but they will continue to require servicing and cleaning. For a cost-effective
maintenance, the cleanout locations must be accessible either from the bridge deck or
from the ground level.
In the section on the detailing of drainage systems, emphasis is given to the need of
considering the practical needs of maintenance. This means that access for pipework
must be carefully thought out. Also, damage to pipework due to rodding operations has
been a significant problem on many existing bridges. All new structures should be
sufficiently robust to resist it.
6. Mechanical and electrical equipment
Operation parts normally require ongoing maintenance and repair. This means that a
preventive maintenance program must be developed for equipment such as
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Parapets, lighting and traffic aids should be designed easy to move and replace and at
the same time, be constructed of corrosion-resistant material. Electric supplies should be
ducted, with drawpits and inspection chambers.
For the parapet design, concrete sustains very little damage from traffic collision and
is free from corrosion. Metal parapets, if used, aluminum alloy or stainless steel or hot-
dip galvanized steel are better choices because the materials deteriorate slowly. Erection
details for metal parapets should allow easy dismantling, even if some components have
been damaged.
7. Bearings
Bearings in a bridge transmit the various vertical and horizontal forces from the
superstructure to the substructure. Bearings must be designed for both the static loads
from the dead weights of the structure and the dynamic loads generated by passing
vehicles, wind, temperature variations, tractive forces, and earthquakes. Over the years,
bearings may deteriorate under the forces and become inadequate in their role. In a whole
bridge structure, the entire weight of large spans focus at one point, concentrates forces of
great magnitude. On the other hand, bearings are expected to function without
maintenance for a long period of time. Therefore, they must be properly inspected at
regular intervals because the stability and integrity of the entire structure depend on this.
Most bearings are easily accessible and visual inspection techniques can be used to
detect problems. But monitoring of the movement of the structure and observing the
substructure and superstructure members for signs of distress still is the best way to
detect bearing disfunctions.
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One consideration important to keep in mind when designing bridge bearings is to
provide provision for jacking up superstructures to replace bearings after years of use.
Cost of replacement may be very high if designers fail to consider replacement needs.
8. Durable concrete
No matter how well a bridge is designed, its life depends much on the durability of
the concrete. The durability of concrete is determined by four factors: cement content,
compaction, cover and curing. Practically, strength requirements for concrete can be
achieved using concrete insufficient for durability. From the consideration of future
maintenance, cement contents should be specified for a durability criterion, not for
strength. It has been common knowledge that the water-cement ratio markedly affects
concrete quality. Thus durability is greatly improved when this ratio is low. Studies show
that increasing the concrete cover from 2 in to 3 in and decreasing the water-cement ratio
from 0.44 to 0.34 could triple concrete deck life. A water-cement ratio of 0.4 or less is
recommended for concrete exposed to salt intrusion.
Concrete quality may be further enhanced by the use of air-entraining. Durable
concrete may be obtained with the use of proper aggregates and vibration to ensure
placement without voids or rock pockets, and by following acceptable curing procedures.
Compaction should be easily achieved by vibration. However, sometimes too much
reinforcement, and shutter shapes make it difficult to fill. Low-maintenance design
should use well-spaced reinforcement and easily concreted shapes.
Adequate cover can be assured by choosing a design with allowance for site errors.
Otherwise reinforcement can be hot-dip galvanized, or stainless steel can be used.
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Concrete could achieve to a hard, durable state if it is kept wet for 28 days. It can be
kept wet by covering with sacking and wetting the sacking; or by applying a spray-on
curing membrane. It should be noticed that only periodic spraying won't cure the
concrete properly nor does covering with plastic sheeting.
9. Steel
Increased vehicular traffic intensity and extensive use of weldment have made fatigue
an important issue in bridge design. When a structural member is subjected to constant-
amplitude cyclic stress, it will fail after a number of cycles. A non-uniform stress
distribution may cause stress concentrate in a small area and lead to plastic movement
and generate minute cracks. The plastic movement is further aggravated and causes the
crack to progress.
Structural steel and reinforcing bars form the skeleton of bridge members. Factors of
special relevance to design are steel toughness, fatigue strength, weldability, the effect of
welding on strength, and ductility capacity. To increase the durability of steel, guidelines
are listed as follows:
Weathering steel can provide a satisfactory service life with limited maintenance. The
physical factors that determine the ultimate performance of weathering steel are location
and design. Proper attention to the protection procedure and design details can contribute
markedly to a high level of performance.
Steel with low toughness characteristics are subject to brittle fracture. This type of
failure is enhanced by (1) higher service stresses and lower service temperatures, (2)
more complex structural arrangements which lead to favorable principal stress patterns
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and high stress concentrations, and (3) wide use of welding. The following guidelines
will help to avoid brittle fracture in bridges: (1) stress concentrations should be avoided
because they can initiate crack propagation. (2) Provisions should be made to lower stress
levels if the number of stress cycles is expected to be high.
10. Substructures and foundations
I t seems true that inspection and rehabilitation below the groundline and waterline
are difficult and costly. In addition, the substructure environment may often be the most
severe for bridge components. Steel members are vulnerable to corrosion and concrete is
vulnerable to chemical and freeze-thaw action. Structural damage of substructures may
be the result of collision, storms, erosion, and inadequate maintenance. For the
substructures, failure is rare, but may occur because of scour, overloading, flooding,
water action or some other unforseen conditions.
According to a recent survey of major bridge failures worldwide, more than 45
percent of these bridge related incidents are attributed to scour. This suggests that
measures to reduce the severity of this problem should be considered in the planning
stage by selecting a bridge site to minimize scour action. Desired hydraulic features for
bridge locations are straight stream alignment, right-angle crossings, high-bank
approaches, and relatively narrow channels. The bottom of footings or the tip of
foundations should be well below the level of anticipated scour in conjunction with a
proper pier location and orientation. Protective measures such as fender systems, pile-
support systems, dolphin protection, and island protection should be considered and use
where applicable. A review of substructure history of existing bridges in the same
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vicinity and waterway may provide useful data and guidelines with regard to the best
protective philosophy.
Substructure problems often are observed in the splash zone and places adjacent to
the normal waterline. Deterioration normally develops in the wet-dry zone from rot,
corrosion, and marine attack. Hence, protective systems should be considered at these
vulnerable locations. Substructures are usually the most difficult and costly parts in a
bridge to repair and rehabilitate. A comprehensive hydraulic and foundation analysis is
mandatory. Some useful design guidelines are summarized as follows:
1. Select structure configuration and alignment to minimize scour action. Footing
elevation and size should be designed so that the design flood scour depth should
not lead to undermining. Provide protection where applicable.
2. Use pile foundations or other comparable types where expansive soils or
compressible layers extend to a considerable depth. As a general guideline,
removal of unsuitable materials for spread footings beyond a depth of 10 feet may
be uneconomical. However, if the compressible materials are very deep, it may
not be practical and feasible to design a substructure system that may be expected
to be free of excessive settlement In this case, a viable jacking system should be
considered for future adjustments. Pier-cap width should be increased when
battered piles are used.
3. During the design stage, analyze the anticipated settlement of fill and other
underlying layers, and allow sufficient time before construction of the
substructure to avoid settlement and the introduction of downdrag forces.
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4. Although steel piles can be protected with coatings, they will still deteriorate
eventually and recoating is difficult and costly. To increase the protection of steel
piles, cathodic protection may be considered for immersed steel.
5. Concrete placed underwater should have aggregates and cement that will not react
with water. The cement content should be high, with a low water-cement ratio.
The concrete cover should be strictly controlled during placement. Aggregates
should be free of fines and other materials that may cause laitance. Underwater
concrete should always be discharged into previously placed concrete in a
continuous process. New concrete should not be exposed to running water for at
least four days.
6. Concrete piles should have adequate cover over the reinforcement. Epoxy-coated
bars are indicated in salt environments, and plastic sleeves may be effective in salt
splash zones. Using sealing materials oculd delay salt intrusion.
11. Concrete bridge decks
It appears that the deterioration of concrete bridge decks is the most frequently
mentioned problem, the main cause being salt-induced corrosion of the reinforcing steel.
For reducing concrete deck maintenance, the following are recommended:
1. Emphasize the importance of quality control and place of reinforcing steel on
plans and in the specifications. Specify a water-cement ratio no greater than 0.4
combined with air entrainment. Also, specify a minimum clear cover to the top
steel of 2 in.
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2. Specify epoxy-coated bars in all decks to be subjected to salt applications. All
reinforcing steel in the deck should be coated to prevent formation of corrosion.
3. Specify high-density, low-slump concrete or latex-modified concrete with low
permeability for overlays. Past experience and research indicate that chloride
intrusion will continue but at a reduced rate.
4. In addition to the requirements specified above, use epoxy-coated bars on
particular vulnerable structures, such as segmental bridges, and on bridges
carrying high volume traffic.
Certainly, roadway decks will require repair or replacement during the service life of
the bridge. Both the bridge deck and the supporting system should be designed so that
traffic could be maintained while repair work is underway. This means some redundancy
components may be used during initial design. If the improvement option is to widen the
bridge, appropriate provisions in the initial design should ensure that the exterior beams
would have the same load-carrying capacity as the interior beams.
During replacement of one-half of the bridge deck, the other half may carry the
maximum live-load traffic. Some concern in this case may arise when noting that heavy
construction equipment combined with the normal load may overload on it.
12. Box girders
Steel box girders and segmental concrete bridges require internal access. Many of the
more critical details that must be inspected during the service life are located on the
inside. Stiffeners and attachments on steel box girders must be regularly inspected, as
must connections and joints in concrete segmental boxes. Where these bridges have
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suspended spans hinges and bearings must be accessible along with utility pipes and
conduits. Entrance of water into a closed box must be prevented, and if it occurs,
rehabilitation acts must be taken place as soon as possible. After all, the design should
include opening at each end of a section, with provisions for illumination of the enclosed
area.
13. Continuous bridge-Portal types
Even single-span bridges may be constructed as continuous structures in the sense
that there may be continuity between the bridge deck and the abutment stems. Generally,
full continuity is provided and the result is the "portal" type of bridge. Experience in the
US and elsewhere has shown that the use of "portal" ends, even on multi-span bridges,
does reduce the problems related to thermal effects. Some bridges with total length of
several hundred meters could be constructed with no continuities either at piers or at
abutments and the use of deck expansion joints is therefore totally avoid. The use of this
type of bridge is strongly recommended for new designs.
14. Unreinforced concrete
The steel, although so important in resisting tension forces, is prone to corrosion and
the strength of the section is so dependent on it. This is true even in spite of the fact that,
in general, concrete is an exceptionally effective method of providing corrosion
protection to steel. The problem for bridges particularly is that they are expected to have
long service life and they are subjected to extremely severe environmental effects. It is
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therefore recommended that consideration should be given to the possibility of reducing
or eliminating ferrous reinforcements by using suitable types of structures, for example,
the use of plain concrete for abutments and retaining walls. Bridge design codes normally
require that some reinforcement should be provided to prevent unsightly cracks in plain
concrete members. However, these requirements could be waived if the structures'
surfaces are masked by claddings, which are attached by non-corrosive fixings.
Apart from the use of non-ferrous reinforcements referred to above, there are
possibilities of the use of substitutes for steel in the reinforcement of structural elements.
Ups to now, their uses haven't been recommended in the proceeding codes. However,
their properties are being studied and it is hoped that in the not so distant future, such
materials will come within the "state of art", both for stressed and unstressed
reinforcements.
15. Abutment galleries
Although the portal-ended bridges are preferred in the future design. However, there
will be some bridges where traditional free-standing abutments must still be used, for
example:
1. Bridge where settlements are too large to be accommodated by continuous
superstructures with portal-type ends;
2. Bridges which are too long for the use of portal-type ends.
These exceptions should only cover a small fraction of all new designs. The use of
abutment galleries is recommended to give access for inspection, maintenance and
replacement work below the expansion joint. Galleries should be large enough to permit
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inspection and maintenance personnel adequate access, and should be well ventilated and
illuminated by natural light. Measurements to prevent vandalism are vital.
16. Half-joints
Half-joints usually cause severe maintenance problems. They are virtually impossible
to inspect and maintenance and repair is exceptionally difficult. Designers should try to
avoid to use half-joints except where there is absolutely no alternative, e.g. in areas of
severe subsidence. Even in such areas, bridge types using simply supported spans should
be used and probably partial continuity being providing at the piers. Also, concrete
hinges should be avoided.
17. Post-tension concrete construction
After years of use, some post-tension bridges appear to have suffered an excess loss
of prestress, which may lead to reduced factors of safety and to deterioration due to
cracking. Others have some problem with corrosion of prestressing tendons. Among
these problems, most are associated with incomplete grouting of the cable ducts. During
maintenance, these problems are extremely difficult to identify by inspection. In the
future design, the use of unbonded tendons for post tensioned work, and for larger
bridges, the use of external prestressing is recommended.
18. Details for reinforced and prestressed concrete
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To improve maintenance, a number of recommendations for detailing of reinforced
concrete are listed below:
1. Ensure that areas of secondary reinforcement provided are sufficient to cope with
early thermal cracking.
2. Provide suitable reinforcement at member junctions so that the actual restraints
are recognized, as opposed to the perhaps more pessimistic assumptions about
mutual restraints made in the design of the individual elements themselves.
3. Consider to use deeper but less heavily reinforced members.
4. Ensure adequate concrete cover to anchorages.
5. Ensure adequate cover to ducts along their whole lengths.
6. Take all possible steps in detailed design to ensure adequate grouting of ducts.
7. For both pre- and post-tension construction, ensure that anti-bursting steel in
anchorage zones is adequate and well detailed to avoid congestion.
8. For large segmental bridges, it may be necessary to modify the prestress force
after construction. Additional prestressing may also be dictated at a later date to
correct for unanticipated creep or for additional loads such as a new wearing
surface. The recommendation is to provide for the installation of additional
prestress of about 10 percent of the initial prestress. Since the tendon anchorage
for the spare ducts are inside the box girder and generally located at the web-
flange fillet, they are easily accessible. If future prestressing becomes necessary, it
can be provided by inserting the required tendon in the duct, jacking it to the
design loads, anchoring and grouting it.
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Conclusion
Over the past decades, engineers have put all their efforts to design new bridges with
longer spans and larger traffic capacities and bridges are traditionally designed to operate
for a long period of time without requiring major maintenance. However, the increasing
number of substandard bridges just indicate that the past management procedures were
not entirely successful. Bridges on highway systems are actually deteriorating more
rapidly than they are being repaired. The cost of a bridge includes the original cost and
the recurrent cost of looking after it consequently and in recent years maintenance costs
have risen quickly than capital costs. Maintenance is already so expensive that low
maintenance design is becoming more and more desirable.
Cable-stayed bridges have their own unique maintenance and rehabilitation requirements.
Preventive maintenance following a completed repair program can extend durability and
should be considered. As to the repairing methods, the selection should be based on an
engineering analysis considering cost, safety, and aesthetics. With regard to prestressed
concrete, it is helpful to understand that prestressed concrete is rather a method of
construction than a new material for construction.
As for bridge management, new technologies such as GIS and Imaging Technologies
have immense potential in implementing BMS objects. Nondestructive evaluation will
also gain more importance in determine bridge status. Besides these new developed
technologies, probability is crucial in determine total cost of a bridge and should be
combined with other engineering information to give the best results. These methods give
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the BMS lots of space to be discovered. In the future, the concept of maintenance, not
only confined to that of highway bridge maintenance, is sure to get more and more
consequence and it really deserves engineers today to pay more attention.
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